
Printed by Jouve, 75001 PARIS (FR)

Europäisches Patentamt

European Patent Office

Office européen des brevets

(19)

E
P

1 
61

9 
77

7
A

1
��&������������

(11) EP 1 619 777 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 158(3) EPC

(43) Date of publication: 
25.01.2006 Bulletin 2006/04

(21) Application number: 03720964.0

(22) Date of filing: 28.04.2003

(51) Int Cl.:
H02K 15/12 (1968.09)

(86) International application number: 
PCT/JP2003/005454

(87) International publication number: 
WO 2004/098028 (11.11.2004 Gazette 2004/46)

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HU IE IT LI LU MC NL PT RO SE SI SK TR

(71) Applicant: MITSUBISHI DENKI KABUSHIKI 
KAISHA
Tokyo 100-8310 (JP)

(72) Inventors:  
• OOHASHI, Atsushi,

Mitsubishi Denki K. K.
Chiyoda-ku, Tokyo 100-8310 (JP)

• FUJII, Masayuki,
Mitsubishi Denki K. K.
Chiyoda-ku, Tokyo 100-8310 (JP)

(74) Representative: HOFFMANN EITLE
Patent- und Rechtsanwälte 
Arabellastrasse 4
81925 München (DE)

(54) PROCESS FOR PRODUCING STATOR OF DYNAMO-ELECTRIC MACHINE

(57) The present invention provides a method for
manufacturing a dynamoelectric stator enabling coil ends
to be impregnated with varnish simply and to a high fill
factor by adjusting varnish viscosity at a temperature of
a stator during varnish application to a predetermined
range.

The configuration includes a varnish treatment proc-
ess including: a preheating process in which the stator
is preheated; a varnish application process in which a
varnish adjusted so as to have a viscosity of 16 to 105

mPa·s at a temperature of the stator during varnish ap-
plication is dripped onto a coil end from radially outside
the stator while rotating the preheated stator around a
central axis; and a varnish heat hardening process in
which the varnish is hardened by heating the stator to
which the varnish has been applied.

In this manner, a stator can be manufactured in which
coil ends are impregnated with varnish to a high fill factor,
improving the electrical insulation properties and the gal-
vanic corrosion resistance of the stator winding, and also
increasing the overall rigidity of the stator.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a method for
manufacturing a dynamoelectric stator mounted to an
automotive vehicle such as a passenger car, a truck, an
electric train, etc., and particularly to a method for man-
ufacturing a stator in which a coil end of a stator winding
is impregnated with a varnish to a high fill factor.

BACKGROUND ART

[0002] In conventional varnish treatment methods for
stators, such as that described in Japanese Patent
Laid-Open No. HEI 07-213029 (Gazette), for example,
varnish is dripped onto surfaces of coil ends of a stator
winding from radially outside while rotating a stator heat-
ed to a predetermined temperature, then low-pressure
air is blown onto the coil ends from radially outside before
the viscosity of the varnish increases, and then the var-
nish is hardened in a drying oven. The varnish dripped
onto the surfaces of the coil ends penetrates into the coil
ends by capillary action through gaps between the coils
of the stator winding, but if the drip rate of the varnish is
low, the penetration speed of the varnish is reduced, and
the varnish does not penetrate the coil ends completely.
Thus, after dripping the varnish, the varnish is forcibly
made to penetrate inside the coil ends by blowing the
low-pressure air onto the coil ends. It is claimed that the
varnish can thereby be made to penetrate the coil ends
completely, even if the drip rate of the varnish is low.
[0003] However, in conventional varnish treatment
methods for stators, one disadvantage has been that an
air generator is required, making the varnish treatment
process an extremely large-scale operation.

DISCLOSURE OF INVENTION

[0004] The present applicants have focused their at-
tention on varnish viscosity at the temperature of the pre-
heated stater in the varnish treatment process, and have
found that the varnish fill factor can be increased by ad-
justing the varnish viscosity at the temperature of the
stator during varnish application to a predetermined
range such that varnish that has penetrated inside the
coil ends remains inside the coil ends without dripping
out of the coil ends, thereby leading to the invention of
the present invention.
[0005] An object of the present invention is to provide
a method for manufacturing a dynamoelectric stator en-
abling coil ends to be impregnated with a varnish simply
and to a high fill factor by adjusting varnish viscosity at
a temperature of a stator during varnish application to a
predetermined range.
[0006] In order to achieve the above object, according
to one aspect of the present invention, there is provided
a method for manufacturing a dynamoelectric stator in-

cluding a varnish treatment process including: a preheat-
ing process in which the stator is preheated; a varnish
application process in which a varnish adjusted so as to
have a viscosity of 16 to 105 mPa·s at a temperature of
the stator during varnish application is dripped onto a coil
end from radially outside the stator while rotating the pre-
heated stator around a central axis; and a varnish heat
hardening process in which the varnish is hardened by
heating the stator to which the varnish has been applied.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

Figure 1 is a process diagram explaining a method
for manufacturing a dynamoelectric stator according
to Embodiment 1 of the present invention;
Figure 2 is a perspective explaining a varnish appli-
cation process in the method for manufacturing a
dynamoelectric stator according to Embodiment 1 of
the present invention;
Figure 3 is a perspective showing a stator manufac-
tured according to the method for manufacturing a
dynamoelectric stator according to Embodiment 1 of
the present invention;
Figure 4 is a graph showing a relationship between
coil end varnish impregnation rate and electromag-
netic noise peak value in the method for manufac-
turing a dynamoelectric stator according to Embod-
iment 1 of the present invention;
Figure 5 is a perspective showing a stator manufac-
tured according to a method for manufacturing a dy-
namoelectric stator according to Embodiment 2 of
the present invention;
Figure 6 is a perspective explaining a stator winding
construction of a stator assembly in the method for
manufacturing a dynamoelectric stator according to
Embodiment 2 of the present invention;
Figure 7 is a perspective showing the stator assem-
bly in the method for manufacturing a dynamoelectric
stator according to Embodiment 2 of the present in-
vention;
Figure 8 is a plan showing a winding assembly in a
method for manufacturing a dynamoelectric stator
according to Embodiment 3 of the present invention;
Figure 9 is a perspective showing part of a continu-
ous conductor wire constituting the winding assem-
bly shown in Figure 8;
Figure 10 is a diagram explaining an arranged state
of continuous conductor wires constituting the wind-
ing assembly shown in Figure 8;
Figure 11 is a plan of part of a stator assembly mount-
ed with a partitioning plate in the method for manu-
facturing a dynamoelectric stator according to Em-
bodiment 3 of the present invention viewed from ra-
dially outside;
Figure 12 is a cross section showing part of the stator
assembly mounted with the partitioning plate in the
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method for manufacturing a dynamoelectric stator
according to Embodiment 3 of the present invention;
Figure 13 is a perspective explaining a varnish ap-
plication process in the method for manufacturing a
dynamoelectric stator according to Embodiment 3 of
the present invention; and
Figure 14 is a cross section showing part of a stator
manufactured according to the method for manufac-
turing a dynamoelectric stator according to Embod-
iment 3 of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0008] Preferred embodiments of the present inven-
tion will now be explained with reference to the drawings.

Embodiment 1

[0009] Figure 1 is a process diagram explaining a
method for manufacturing a dynamoelectric stator ac-
cording to Embodiment 1 of the present invention, Figure
2 is a perspective explaining a varnish application proc-
ess in the method for manufacturing a dynamoelectric
stator according to Embodiment 1 of the present inven-
tion, Figure 3 is a perspective showing a stator manufac-
tured according to the method for manufacturing a dy-
namoelectric stator according to Embodiment 1 of the
present invention, and Figure 4 is a graph showing a
relationship between coil end varnish impregnation rate
and electromagnetic noise peak value in the method for
manufacturing a dynamoelectric stator according to Em-
bodiment 1 of the present invention.
[0010] First, a stator assembly process 100 will be ex-
plained.
[0011] In the stator assembly process 100, a cylindrical
stator core 2 is first produced by laminating magnetic
steel sheets. In the stator core 2, thirty-six slots 2a having
grooves lying in an axial direction are arranged at a pre-
determined pitch in a circumferential direction so as to
open radially inward. Then, an annular winding unit (not
shown) is produced by winding a conductor wire consti-
tuted by a thin copper wire coated with an electrical in-
sulator for a predetermined number of winds, and a
star-shaped winding unit 3a is produced by shaping the
annular winding unit into a star shape. Next, a stator as-
sembly 1 such as that shown in Figure 2 is obtained by
mounting a plurality of the star-shaped winding units 3a
to the stator core 2.
[0012] Moreover, a stator winding 3 is constituted by
the plurality of star-shaped winding units 3a mounted to
the stator core 2. The conductor wires are installed as
wave windings in every third slot 2a so as to project out-
ward from a slot 2a at a first axial end of the stator core
2, be turned around at the first axial end of the stator core
2 and enter the next slot 2a three slots away, and then
project outward at a second axial end of the stator core
2, be turned around at the second axial end of the stator
core 2 and enter the next slot 2a a further three slots

away. At each of the axial ends of the stator core 2, por-
tions of the conductor wires turned around between the
slots 2a three slots apart constitute coil ends 3f and 3r.
[0013] Next, a varnish treatment process 101 will be
explained.
[0014] The stator assembly 1 assembled in this man-
ner is placed inside a drying oven (not shown), and is
preheated to a predetermined temperature (preheating
process 102).
[0015] Then, the stator assembly 1 heated to the pre-
determined temperature is removed from the drying ov-
en, and as shown in Figure 2, a varnish 4 dispensed by
a varnish feeding apparatus (not shown) is dripped onto
the coil ends 3f and 3r from radially outside while rotating
the stator assembly 1 around a central axis A (varnish
application process 103).
[0016] Next, the stator assembly 1 to which a prede-
termined amount of varnish 4 has been applied is placed
inside the drying oven, the temperature inside the drying
oven is raised to a heat hardening temperature of the
varnish 4, and then maintained at the varnish hardening
temperature for a predetermined amount of time to hard-
en the varnish 4 (varnish heat hardening process 104).
Then, the stator assembly 1 is cooled to room tempera-
ture, and is then removed from the drying oven to obtain
a stator 5 such as that shown in Figure 3.
[0017] Moreover, in the varnish heat hardening proc-
ess 104, the stator assembly 1 is rotated around the cen-
tral axis until the varnish 4 gels, in other words, for several
minutes while the temperature inside the drying oven is
increasing, and then rotation of the stator assembly 1
around the central axis is stopped.
[0018] Here, a THEIC-denatured polyester containing
an unsaturated polyester resin as a major constituent
and to which THEIC (a heat resistance improver), HOMA
(a reactive diluent), etc., have been added is used in the
varnish 4. The amount of HOMA added to the varnish 4
is adjusted such that a viscosity of 9,000 mPa·s at room
temperature becomes a viscosity of 22 mPa·s at 100 de-
grees Celsius. Moreover, THEIC is trihydroxyethyl iso-
cyanurate, and HOMA is 2-hydroxyethyl methacrylate.
Furthermore, in the preheating process 102, the stator
assembly 1 is preheated to 150 degrees Celsius. In the
varnish application process 103, varnish application is
commenced promptly on the stator assembly 1 removed
from the drying oven, and the application of the varnish
4 is completed before the temperature of the stator as-
sembly 1 drops to approximately 80 degrees Celsius. In
this varnish application process 103, the stator assembly
1 is rotated at 36 rpm. Finally, in the varnish heat hard-
ening process 104, the stator assembly 1 is heat hard-
ened at 160 degrees Celsius for thirty minutes.
[0019] According to Embodiment 1, because the var-
nish 4 is adjusted such that the varnish viscosity at 100
degrees Celsius is 22 mPa ·s in the varnish application
process 103, the varnish 4 rises to the temperature of
the coil ends 3f and 3r when applied to the surfaces of
the coil ends 3f and 3r and has a suitable degree of flu-
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idity. Then, because the stator assembly 1 is rotated
around the central axis during varnish application, var-
nish 4 having a suitable degree of fluidity penetrates in-
side the coil ends 3f and 3r by capillary action of the gaps
between the coils constituting the coil ends 3f and 3r with-
out dripping off the coil ends 3f and 3r, and fills the insides
of coil ends 3f and 3r. Consequently, the coil ends 3f and
3r can be filled with the varnish 4 to a high fill factor without
using an air generator.
[0020] While the temperature is increasing in the var-
nish heat hardening process 104, the viscosity of the var-
nish 4 charged inside the coil ends 3f and 3r decreases,
and its fluidity increases. Here, the stator assembly 1 is
initially rotated around the central axis A for several min-
utes in the varnish heat hardening process 104. Thus,
the varnish 4 having increased fluidity remains inside the
coil ends 3f and 3r and gels without dripping off the coil
ends 3f and 3r. Thus, a jig for preventing dripping of the
varnish 4 is no longer necessary, and the formation of
bubbles is suppressed, enabling filling to a high density.
[0021] In a stator 5 produced in this manner, the coils
constituting the coil ends 3f and 3r are covered by the
varnish 4. Thus, because the coils constituting the coil
ends 3f and 3r are prevented from coming into contact
with each other and damaging the electrically-insulating
coatings during handling of the stator 5, and in addition
the coil ends 3f and 3r are prevented from coming into
contact with brackets and damaging the electrically-in-
sulating coatings when the stator 5 is installed in an au-
tomotive alternator, electrical insulation properties are
improved significantly. In an automotive alternator
mounted with the stator 5, galvanic corrosion of the coils
resulting from adhesion to the coil ends 3f and 3r of salt
water, etc., entering from outside is also prevented. In
addition, because the insides of the coil ends 3f and 3r
are filled with the varnish 4 to a high fill factor, the overall
rigidity of the stator 5 is increased. Thus, when an auto-
motive alternator mounted with the stator 5 is operated,
the generation of electromagnetic noise is reduced sig-
nificantly.
[0022] In addition, because the insides of the coil ends
3f and 3r are filled with the varnish 4 to a high fill factor,
the occurrence of air pockets in the varnish 4 is sup-
pressed. Thus, heat generated in the coil ends 3f and 3r
is transferred to outer peripheral surfaces of the coil ends
3f and 3r by means of the varnish 4 and cooled effectively
by cooling airflows. Thus, excessive temperature in-
creases in the coil ends 3f and 3r are suppressed, ena-
bling increased output from the stator 5.
[0023] Now, measurements of electromagnetic noise
peak value when stators produced with various coil end
varnish impregnation rates were installed in an automo-
tive alternator and rotational frequency was increased to
3,000 rpm are shown in Figure 4. Moreover, the coil end
varnish impregnation rate is the percentage of varnish
and conductor wires compared with the cross-sectional
area of the coil ends. In other words, the impregnation
rate decreases when bubbles are formed.

[0024] From Figure 4, it can be seen that the electro-
magnetic noise peak value depends on the varnish im-
pregnation rate. In other words, when the varnish impreg-
nation rate is high, the rigidity of the stator itself is in-
creased, suppressing the generation of electromagnetic
noise. When the varnish impregnation rate exceeds nine-
ty percent, the electromagnetic noise peak value stabi-
lizes at less than or equal to 63 dB, making it desirable
for the varnish impregnation rate to be greater than or
equal to ninety percent.
[0025] In a region in which the varnish viscosity at the
stator assembly temperature during varnish application
is less than 16 mPa·s, the fluidity is too high, and varnish
4 applied to the surfaces of the coil ends 3f and 3r pen-
etrates inside the coil ends 3f and 3r easily, but pene-
trates inside the slots 2a or drips off the coil ends 3f and
3r without remaining inside the coil ends 3f and 3r. As a
result, a stator in which the fill factor of the varnish 4 is
greater than or equal to ninety percent could not be
achieved. On the other hand, in a region in which the
varnish viscosity at the stator assembly temperature dur-
ing varnish application exceeds 105 mPa·s, the fluidity
is too low, and varnish 4 applied to the surfaces of the
coil ends 3f and 3r has trouble penetrating inside the coil
ends 3f and 3r, and the coil ends 3f and 3r are not filled
sufficiently. As a result, a stator in which the fill factor of
the varnish 4 is greater than or equal to ninety percent
could not be achieved. Consequently, it is desirable for
the varnish viscosity at the stator assembly temperature
during varnish application to be adjusted to within a range
from 16 mPa·s to 105 mPa·s.
[0026] Next, rotational speed of the stator assembly 1
in the varnish application process 103 will be investigat-
ed.
[0027] It is desirable for the rotational speed of the sta-
tor assembly 1 to be increased if a varnish having a low
viscosity is used, and for the rotational speed of the stator
assembly 1 to be reduced if a varnish having a high vis-
cosity is used. Thus, when a varnish adjusted to a vis-
cosity of 16 mPa·s is applied, if the rotational speed of
the stator assembly 1 exceeds approximately 50 rpm,
varnish applied to the surfaces of the coil ends 3f and 3r
starts to be splattered radially outward, and the amount
of splattering of the varnish increases as the rotational
speed increases. As a result, the desired varnish impreg-
nation rate can no longer be ensured. When a varnish
adjusted to a viscosity of 105 mPa·s is applied, if the
rotational speed of the stator assembly 1 is less than 5
rpm, dripping of the varnish applied to the surfaces of the
coil ends 3f and 3r occurs. As a result, the desired varnish
impregnation rate can no longer be ensured. Conse-
quently, it is desirable for the rotational speed of the stator
assembly 1 in the varnish application process to be set
within a range from 5 to 50 rpm.
[0028] Moreover, in Embodiment 1 above, a
THEIC-denatured polyester containing an unsaturated
polyester resin as a major constituent and to which
THEIC, HOMA, etc., have been added is used for the
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varnish 4, but similar effects can also be achieved by
using as a varnish an epoxy imide-denatured polyester
containing an unsaturated polyester resin and an epoxy
resin as major constituents and to which styrene mono-
mer (a reactive diluent), BDMA (benzil dimethylamine),
etc., have been added.
[0029] In Embodiment 1 above, the stator assembly 1
is initially rotated for several minutes in the varnish heat
hardening process, but rotation of the stator assembly 1
is not limited to a particular length of time provided that
the varnish 4 gels and generally loses its fluidity. In ad-
dition, the stator assembly 1 may also be rotated through-
out the varnish heat hardening process.

Embodiment 2

[0030] Figure 5 is a perspective showing a stator man-
ufactured according to a method for manufacturing a dy-
namoelectric stator according to Embodiment 2 of the
present invention, Figure 6 is a perspective explaining a
stator winding of a stator assembly in the method for man-
ufacturing a dynamoelectric stator according to Embod-
iment 2 of the present invention, and Figure 7 is a per-
spective showing the stator assembly in the method for
manufacturing a dynamoelectric stator according to Em-
bodiment 2 of the present invention.
[0031] In Embodiment 2, a stator winding 12 is pro-
duced using conductor segments 13 constituted by short
lengths of copper material coated with an electrical insu-
lator. These conductor segments 13, as shown in Figure
6, are shaped into a U shape in which a pair of slot-housed
portions 13a are linked by a U-shaped return portion 13b.
A stator core 11 is produced by laminating magnetic steel
sheets into a cylindrical shape. In the stator core 11, as
shown in Figure 7, ninety-six slots 11a having grooves
lying in an axial direction are arranged at a predetermined
pitch in a circumferential direction so as to open radially
inward. Moreover, to facilitate explanation, housing po-
sitions of the slot-housed portions 13a inside the slots
11a will be designated Address 1, Address 2, etc.,
through Address 6, respectively, from a shallowest posi-
tion (an innermost peripheral position) in a slot depth di-
rection.
[0032] First, in a stator assembly process, three con-
ductor segments 13 are inserted from a first axial end of
the stator core 11 into each of pairs of slots 11a six slots
apart. Then, open end portions 13c of the conductor seg-
ments 13 projecting out through a second axial end of
the stator core 11 are stacked on top of one another,
joined together, and integrated by welding to obtain a
stator assembly 10 such as that shown in Figure 7. More-
over, weld portions between the open end portions 13c
of the conductor segments 13 constitute joint portions 14.
[0033] Here, six slot-housed portions 13a are arranged
in a single column in a slot depth direction in each of the
slots 11a. At the first axial end of the stator core 11,
slot-housed portions 13a in Address 1, Address 3, and
Address 5 inside a first slot 11a of a slot pair and

slot-housed portions 13a in Address 2, Address 4, and
Address 6 inside a second slot 11a are each linked by a
return portion 13b. Thus, at the first axial end of the stator
core 11, the return portions 13b are arranged at a pitch
of one slot in a circumferential direction so as to form
three rows constituting coil ends 12r. On the other hand,
at the second axial end of the stator core 11, slot-housed
portions 13a in Address 2, Address 4, and Address 6
inside a first slot 11a of a slot pair and slot-housed por-
tions 13a in Address 1, Address 3, and Address 5 inside
a second slot 11a are each linked by a joint portion 14.
Thus, at the second axial end of the stator core 11, the
joint portions 14 are arranged at a pitch of one slot in a
circumferential direction so as to form three rows consti-
tuting coil ends 12f. Furthermore, the stator winding 12
is constituted by a plurality of wave windings configured
such that slot-housed portions 13a inserted into every
sixth slot 11a are alternately linked by a return portion
13b and a joint portion 14.
[0034] Next, in the varnish treatment process, the sta-
tor assembly 10 is first preheated to 150 degrees Celsius
inside a drying oven in a similar manner to Embodiment
1 above. Then, the stator assembly 10 heated to 150
degrees Celsius is removed from the drying oven, and a
varnish 4 adjusted so as to have a viscosity of 22 mPa·s
at 100 degrees Celsius is applied by dripping onto the
coil ends 12f and 12r from radially outside while rotating
the stator assembly 10 around a central axis at 36 rpm.
Next, the stator assembly 10 to which the varnish 4 has
been applied is placed inside a drying oven and is heated
to 160 degrees Celsius. At this time, the stator assembly
1 is initially rotated around the central axis at 36 rpm for
several minutes. Then, the stator assembly 10 is main-
tained at 160 degrees Celsius for thirty minutes to harden
the varnish 4 and obtain a stator 15 such as that shown
in Figure 5.
[0035] In Embodiment 2, because the varnish viscosity
at 100 degrees Celsius is adjusted so as to be 22 mPa·s
and the stator assembly 10 is rotated around the central
axis in the varnish application process, a stator 15 can
also be manufactured in which the coil ends 12f and 12r
are filled with the varnish 4 to a high fill factor in a similar
manner to Embodiment 1 above.
[0036] Now, in this stator assembly 10, the copper ma-
terial of the joint portions 14 arranged at a pitch of one
slot in a circumferential direction so as to form three rows
is exposed by welding, but by performing this varnish
treatment process, these joint portions 14 are reliably
covered by the varnish 4, improving electrical insulation
properties and galvanic corrosion resistance.
[0037] Because the stator winding 12 is constituted by
U-shaped conductor segments 13, the return portions
13b and the joint portions 14 of the coil ends 12f and 12r
are configured so as to align in rows in a circumferential
direction. Thus, the varnish 4 penetrates inside the coil
ends 12f and 12r smoothly through gaps between the
return portions 13b or gaps between the joint portions
14, reducing the formation of air pockets. Thus, heat gen-
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erated in the return portions 12b and the joint portions
14 is transferred to outer peripheral surfaces of the coil
ends 12f and 12r by means of the varnish 4 and cooled
effectively by cooling airflows. Thus, excessive temper-
ature increases in the coil ends 12f and 12r are sup-
pressed, enabling increased output from the stator 15.

Embodiment 3

[0038] Figure 8 is a plan showing a winding assembly
a method for manufacturing a dynamoelectric stator ac-
cording to Embodiment 3 of the present invention, Figure
9 is a perspective showing part of a continuous conductor
wire constituting the winding assembly shown in Figure
8, Figure 10 is a diagram explaining an arranged state
of continuous conductor wires constituting the winding
assembly shown in Figure 8, Figure 11 is a plan of part
of a stator assembly mounted with a partitioning plate in
the method for manufacturing a dynamoelectric stator
according to Embodiment 3 of the present invention
viewed from radially outside, Figure 12 is a cross section
showing part of the stator assembly mounted with the
partitioning plate in the method for manufacturing a dy-
namoelectric stator according to Embodiment 3 of the
present invention, Figure 13 is a perspective explaining
a varnish application process in the method for manu-
facturing a dynamoelectric stator according to Embodi-
ment 3 of the present invention, and Figure 14 is a cross
section showing part of a stator manufactured according
to the method for manufacturing a dynamoelectric stator
according to Embodiment 3 of the present invention.
[0039] In Embodiment 3, a stator winding 22 is config-
ured using winding assemblies 30 such as that shown in
Figure 8. These winding assemblies 30 are each pro-
duced by arranging twelve continuous conductor wires
31 constituted by copper wires coated with an electrical
insulator at a pitch of one slot in a common plane and
folding them up simultaneously. As shown in Figure 9,
each of the continuous conductor wires 31 is shaped by
bending into a planar pattern in which straight portions
31a linked by return portions 31b are arranged at a pitch
of six slots (6P). Adjacent straight portions 31a are offset
by the return portions 31b by a width (w) of the continuous
conductor wires 31. Six conductor wire pairs in each of
which two continuous conductor wires 31 shaped in such
a pattern are arranged so as to be offset by a pitch of six
slots with straight portions 31a superposed (as shown in
Figure 10) are arranged so as to be offset by a pitch of
one slot from each other to constitute each of the winding
assemblies 30. Six end portions of the continuous con-
ductor wires 31 extend outward on two sides at two ends
of the winding assemblies 30. The return portions 31b
are arranged so as to be aligned in rows on two side
portions of the winding assemblies 30.
[0040] First, in a stator assembly process, three wind-
ing assemblies 30 are mounted so as to be stacked in a
rectangular parallelepiped core (not shown), then the rec-
tangular parallelepiped core is rolled up, and two end

surfaces of the rolled-up core are abutted and integrated
by welding. Two end portions of this rolled-up core are
integrated by welding to obtain a stator core 21 config-
ured in a similar manner to that of the stator core 11
according to Embodiment 2 above. Then, end portions
of the continuous conductor wires 31 projecting outward
on the two sides at the two ends of the winding assem-
blies 30 are joined together to obtain a stator assembly
20, in which the stator winding 22 is installed in the stator
core 21.
[0041] Here, six straight portions 31a are arranged in
a single column in a slot depth direction in each of the
slots 21a. At the first axial end of the stator core 21, slot
accommodating portions 31a in Address 1, Address 3,
and Address 5 inside a first slot 21a of a slot pair and slot
accommodating portions 31a in Address 2, Address 4,
and Address 6 inside a second slot 21a are each linked
by a return portion 31b. Thus, at the first axial end of the
stator core, the return portions 31b are arranged at a
pitch of one slot in a circumferential direction so as to
form three rows constituting coil ends 22r. Similarly, at
the second axial end of the stator core 21, slot accom-
modating portions 31a in Address 2, Address 4, and Ad-
dress 6 inside a first slot 21a of a slot pair and slot ac-
commodating portions 31a in Address 1, Address 3, and
Address 5 inside a second slot 21a are each linked by a
return portion 31b. Thus, at the second axial end of the
stator core 21, the return portions 31b are arranged at a
pitch of one slot in a circumferential direction so as to
form three rows constituting coil ends 22f. Joint portions
23 among end portions of the continuous conductor wires
31 extend outward onto the coil ends 22f and 22r.
[0042] Next, as shown in Figures 11 and 12, partition-
ing plates 24 are mounted to the coil ends 22f and 22r
of the stator assembly 20. These partitioning plates 24
are made of an electrically-insulating resin, and are
shaped into annular bodies having a J-shaped cross sec-
tion covering inner peripheral wall surfaces and top por-
tions of the coil ends 22f and 22r. The joint portions 23
are housed inside cap portions 24a formed on the parti-
tioning plates 24.
[0043] Next, in the varnish treatment process, the sta-
tor assembly 20 is preheated to 150 degrees Celsius
inside a drying oven in a similar manner to Embodiment
1 above. Then, the preheated stator assembly 20 is re-
moved from the drying oven, and a varnish 4 adjusted
so as to have a viscosity of 22 mPa·s at 100 degrees
Celsius is applied by dripping onto the coil ends 22f and
22r from radially outside while rotating the stator assem-
bly 20 around a central axis A at 36 rpm as shown in
Figure 13. Finally, the stator assembly 20 to which the
varnish 4 has been applied is placed inside a drying oven
and is heated to 160 degrees Celsius. At this time, the
stator assembly 20 is initially rotated around the central
axis A at 36 rpm for several minutes. Then, rotation of
the stator assembly 20 is stopped and the stator assem-
bly 20 is heated at 160 degrees Celsius for thirty minutes
to harden the varnish 4 and obtain a stator 25. In this
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stator 25, as shown in Figure 14, insides of the coil ends
22f and 22r are sufficiently impregnated with the varnish
4.
[0044] In Embodiment 3, because the varnish viscosity
at 100 degrees Celsius is adjusted so as to be 22 mPa·s,
a stator 25 can also be manufactured in which the coil
ends 22f and 22r are filled with the varnish 4 to a high fill
factor in a similar manner to Embodiment 1 above.
[0045] Now, in this stator assembly 20, the copper ma-
terial of the joint portions 23 is exposed by welding, but
by applying this varnish treatment process, these joint
portions 23 are reliably covered by the varnish 4, improv-
ing electrical insulation properties and galvanic corrosion
resistance.
[0046] In addition, according to Embodiment 3, be-
cause the partitioning plates 24 are mounted to the stator
assembly 20 before the varnish treatment process, the
varnish 4 is reliably prevented from dripping in the varnish
application process. Thus, because there is no radial-
ly-inward extrusion of varnish 4, the varnish 4 will not
interfere with the rotor and the fans when the stator 25
is mounted to an automotive alternator. Because radial-
ly-inner peripheral surfaces and axially-outer peripheral
surfaces of the coil ends 22f and 22r are constituted by
smooth surfaces of the partitioning plates 24, wind noise
generated by cooling airflows from the fans colliding with
the inner wall surfaces of the coil ends 22f and 22r is
reduced when the stator 25 is mounted to an automotive
alternator.
[0047] Because the stator winding 22 is constituted by
winding assemblies 30, the return portions 31b of the coil
ends 22f and 22r are configured so as to align in rows in
a circumferential direction. Thus, the varnish 4 pene-
trates inside the coil ends 22f and 22r smoothly through
gaps between the return portions 31b, reducing the for-
mation of air pockets. Thus, heat generated in the return
portions 31b is transferred to outer peripheral surfaces
of the coil ends 22f and 22r by means of the varnish 4
and cooled effectively by cooling airflows. Thus, exces-
sive temperature increases in the coil ends 22f and 22r
are suppressed, enabling increased output from the sta-
tor 25.
[0048] Moreover, the partitioning plates 24 should
have electrically-insulating properties and heat tolerance
and, for example, glass-reinforced epoxy resin, nylon,
etc., can be used.

INDUSTRIAL APPLICABILITY

[0049] As explained above, because coil ends are im-
pregnated with varnish to a high fill factor, electrical in-
sulation properties and galvanic corrosion resistance of
the stator winding are improved, and the overall rigidity
of the stator is also increased, making the method for
manufacturing a dynamoelectric stator according to the
present invention useful as a method for manufacturing
a dynamoelectric stator having a harsh service environ-
ment such as an automotive alternator mounted to an

automotive vehicle, etc., such as an automobile, etc.

Claims

1. A method for manufacturing a dynamoelectric stator,
said stator comprising:

a cylindrical stator core in which slots are ar-
ranged in a circumferential direction so as to
open onto a radially-inner side; and
a stator winding mounted to said stator core,
a coil end of said stator winding being impreg-
nated with a varnish,

wherein said method for manufacturing a dynamo-
electric stator comprises:

a varnish treatment process comprising:

a preheating process in which said stator is
preheated;
a varnish application process in which said
varnish adjusted so as to have a viscosity
of 16 to 105 mPa·s at a temperature of said
stator during varnish application is dripped
onto said coil end from radially outside said
stator while rotating said preheated stator
around a central axis; and
a varnish heat hardening process in which
said varnish is hardened by heating said
stator to which said varnish has been ap-
plied.

2. The method for manufacturing a dynamoelectric sta-
tor according to Claim 1, further comprising:

a process for mounting to said stator an annular
partitioning plate made of an electrically-insulat-
ing resin so as to cover at least a radially-inner
peripheral surface of said coil end before said
varnish treatment process.

3. The method for manufacturing a dynamoelectric sta-
tor according to Claim 2, wherein:

said partitioning plate is shaped with a J-shaped
cross section covering a radially-inner peripher-
al surface and an axially-outer peripheral sur-
face of said coil end.

4. The method for manufacturing a dynamoelectric sta-
tor according to Claim 1, wherein:

a rotational speed of said stator in said varnish
application process is set so as to be between
5 and 50 rpm.
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5. The method for manufacturing a dynamoelectric sta-
tor according to Claim 1, wherein:

said stator is rotated around said central axis for
a predetermined amount of time at least initially
in said varnish heat hardening process.
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